have shown in extensive experiments that human adults retained Ca more satisfactorily from diets in which 40-50 % of the calories were derived from white bread made from 69 % extraction flour than from diets similar but containing bread made from 92% extraction flour. The difference was attributed to the much higher phytic acid content of the brown bread.
McCance & Widdowson (1942a) have shown in extensive experiments that human adults retained Ca more satisfactorily from diets in which 40-50 % of the calories were derived from white bread made from 69 % extraction flour than from diets similar but containing bread made from 92% extraction flour. The difference was attributed to the much higher phytic acid content of the brown bread.
McCance & Widdowson showed that, in order to maintaini the subjects in positive Ca balance, it was necessary to add 65 mg. Ca/100 g. white flour, and 200 mg. Ca/100 g. flour of 92 % extraction. The carbonate or the mono-hydrogen phosphate were equally effective as sources of Ca.
Towards the end of 1940, when these experiments had been completed but were not yet published, we had the opportunity of discussing their results with the authors. It was felt that somewhat similar experiments with young rats would be of additional interest. It was realized that the bearing of such experiments with growing rats on problems of human adult nutrition would have to be cautiously interpreted. The rat is not only specially well equipped to deal with phytate P, probably because of the possession of an intestinal phytase (Lowe & Steenbock, 1936; Patwardhan, 1937; Laskowski, 1937; Krieger, Bunkfeldt & Steenbock, 1940a; Giri, 1940) , but its Ca and P metabolism differs from that of man in severalrespects, of which therefractoriness of the rat to rickets when the Ca and P intakes are normal may be quoted as an example.
EXPERIMENTAL
Plan of the experiments. The experiments were designed to 'compare bread made from the lowest extraction of flour available, 72%, with 100% wholemeal bread when both formed the almost exclusive diet of the experimental animals. At the time when these experiments were being planned the Ministry of Food were considering the production of white bread of 72 % extraction fortified with the addition of i lb. of CaCO, and of 1 oz. of vitamin B1 concentrate (equivalent to approximately 0-2 g. aneurin)/280 lb. sack (Moran & Drummond, 1940) . The possibility of using purified bone meal as a source of additional Ca was also contemplateu. Biochem. 1945, 39 Two sets of experiments were therefore planned. In one -the Ca content of wholemeal bread was taken as a basis and white bread was suitably supplemented with CaCO3 or bone meal so that all three breads contained the same amount of Ca. In the second the comparison was with the fortified white bread of Moran & Drummond (1940 (Henry & Kon, 1937 Widdowson (1941) noticed that, in the baking of bread from flour of 92 % extraction, 31 % of the phytic acid was hydrolyzed.
water to drink. Excreta were discarded for the first 3 days and were subsequently collected for a period of 5 weeks. The animals were then killed, the femora and humeri removed and their ash content determined as described by Kon & Henry (1935) . Exp. 2. The retention of Ca and P from breads 4-7. Six litters of four male rats 23-25 days old were used; the experimental procedure was exactly the same as in Exp. 1. The intakes of the two white breads 4 and 5 and of the two wholemeal breads 6 and 7 were equalized between pairs of litter-mates.
Exp. 3. The retention of Ca and P from dried skim milk, Creta praeparata and bone meal. The diets used in this experiment were similar to diets used previously in this laboratory for comparisons between the availability of Ca from milk and from an inorganic source (Henry & Kon, 1939a) . They were planned to supply suboptimal amounts Tables 3 and 4 . The equalization of intakes proved difficult in the comparison of breads 1, 2 and 3, as the wholemeal bread was consumed much more readily than the white which the rats persistently scattered, and as a result slightly more of it was eaten. The Ca intake from this source was therefore some 10% more than from the white breads. The faecal loss was, however, also definitely higher, and, though the absolute retentions were the same, the percentage retention was significantly lower for the wholemeal bread. -With the white breads the Ca was equally available from the carbonate and from the phosphate. The retention of Ca from breads 1 and 2 was lower than that observed in a previous experiment (Henry, Houston, Kon, Powell, Carter & Halton, 1941) with breads containing very much the same percentage of Ca derived from skim milk. In that experiment the Ca of added milk was available to the extent of 95 % and the over-all retention from the 2 % milk bread was almost 80 %, that is as much as could be expected allowing for unavoidable losses of Ca in urine and faeces. The lower figure of 70% now observed is due to decidedly higher faecal losses, some 0-7 mg. daily as against 0-4 mg. for milk bread or unsupplemented white bread found by Henry et al. (1941) . In the present experiment unsupplemented bread was not examined, and it is impossible to say whether the relatively low availability of Ca from breads 1 and 2 is due to a peculiarity of the experimental animals or to a lowering (1908, 1925 (Henry et al. 1941) , and their intake of Ca/g. gain in weight outstripped the 'normal' requirement over this weight range (7-5 mg./g.) as defined by Sherman & Macleod (1925) . Hence these animals were probably ingesting more Ca than they were able to utilize, and there was thus a rise in their faecal excretion of Ca and a slight lowering of the percentage retention of this element.
The findings with breads 4 and 5 in the second experiment are very similar to those reported in the first experiment. Ca was again equally well retained from both breads; the absolute and percentage retention was somewhat higher than in Exp. 1. This is accounted for by a lower excretion of Ca in the faeces.
All five diets supplied relatively more P than Ca and the amounts of P consumed were well above the. 'norm', 6 mg./g. gain in weight, of Sherman & Quinn (1926) . The retentions from breads 1 and 2 were substantially the same, about 80-90 mg., but some 130 mg. were retained from the wholemeal bread. Rats receiving this bread made slightly better growth than those on the supplemented white breads, and part of this excess P was certainly used to supply the needs of the greater weight of their soft tissues. The depositions of Ca were sensibly the same in all three groups, hence the amounts of P used for bone must have varied but little, and all the extra P must have been retained in the soft tissues. There is no doubt that the higher P retention with wholemeal bread represented a greater saturation of tissues than with breads 1 and 2.
Thus it can be calculated from the data of Table 3 , on the assumption that 99 % of the Ca is stored in the bones and that the Ca/P ratio of the normal rat bone is 2-3:1 (Brooke, Smith & Smith, 1934; Kramer & Shear, 1928) , that rats receiving bread 1 retained 2-6 mg. of extra-skeletal P/g. gain in weight, whereas wholemeal bread gave a retention of 3-2 mg./g. gain in weight. The reason for this increased retention of P from wholemeal bread is not clear; though the amount of P supplied was very much greater than with the white breads, there is no doubt that even the latter contained more than enough P, especially as much more was absorbed than was retained.
The animals receiving the supplemented wholemeal breads consumed some 30 % more diet and Ca than their litter-mates eating the supplemented white breads; they also grew almost twice as fast, and consequently their Ca intake judged by the standard described on p. 119 was suboptimal while that of the white-bread animals was again rather above the normal. Hence a comparison of the percentage retentions of Ca from the two types of bread would be biased in favour of the wholemeal groups. Nevertheless, relatively more Ca was retained from the white breads, the difference between breads 5 and 7 being statistically significant, and it is highly probable that Ca was not quite as available from wholemeal bread as from white bread. There is also an indication that thephosphatewasless satisfactory than the carbonate as an addition to wholemeal bread, though statistical confirmation is lacking.
The results of the direct comparison of the carbonate with the phosphate carried out in Exp. 3 (Tables 3, 4) point more forcibly in the same direction. The rats in this experiment gre^aster than any animals in the previous two experiments and reached a higher final weight. The 'normal' Ca requirement of rats of their size is 8-8 mg./g. gain in weight (Sherman & Macleod, 1925) , and their acttial intakes may be taken as suboptimal. The retention of Ca from Greta praeparata and bone meal was 92 and 87 % 'respectively; Table 4 shows that this difference was statistically significant. Of the milk Ca 97 % was retained. This figure was statistically superior to those obtained for the mineral additions and confirms our earlier finding (Henry & Kon, 1939a) of the very high availability of milk Ca. The value of 87 % now obtained for bone meal may be compared with the values, 96 and 92%, previously reported by us for CaHPO4. 2H,0 (Henry & Kon, 1939 a, b) .
It should be recorded that in a recent paper Yudkin (1943) found the carbonate and the phosphate of Ca equally effective in increasing the boneash -content of rats, when added to white flour, wheatmeal flour, or maize gluten mixture, in quantities similar to those used by us.
A comparison of the P retention from breads 1 and 4 is of interest as the diet and P intakes from both were very similar, though the Ca intakes naturally differed. The increased retention ofCa from bread 4 was, as would be expected, accompanied by additional deposition of P. However, the P retained for this purpose accounts for only 70 % of the difference in retention from the two diets, and the extra-skeletal stores must have been rather better supplied from bread 4. The better retention of P was chiefly due to a diminished urinary excretion.
From the figures for the metabolism of P derived from bre4d 3 it is possible to gain an insight into the utilization of phytate P by the rats. Of the 0-8414 g. P supplied by this bread, 0-4075 g. was phytate P and 0-4339 g. non-phytate P (cf. Tables  1, 3 ). As the absorbed P amounted to 0-6257 g., it must have contained at least 0-1918 g. of phytate P, or 47 % Qfthat present in the bread. This calculation underestimates the availability of phytate P and sets a minimum figure for its utilization.
It is obvious that non-phytate P is not 100% available, and to obtain a more satisfactory estimate a correction might be introduced for the nonphytate P lost through the gut. For example, it might be assumed that the non-phytate P of brown bread is as available as that of white bread. For this calculation the very small amount of phytate P in white bread may be neglected. The intake of P from bread 1 was 0-2606 g., of which 0-0676 g. was excreted in the faeces. Taking the minimum unavoidable faecal excretion of P as 1-1 mg. daily (Henry & Kon, 1939 a) , one finds that 0-0291 g. of the bread P was not available; pro rata the unavailable non-phytate P of the brown bread would amount to 0-0485 g., and the absorbed phytate P would be not 0-1918 g. but 0-2403 g. or 59 %.
The higher limit for the availability of phytate P may be calculated in the following way: it may be assumed that the excess/100 g. diet of faecal P derived from bread 3 over that obtained from bread 1 represents unabsorbed phytate P. The excess works out at 59-9 mg., and as the phytate P intake in 100 g. of bread 3 was 167-8 mg., 36 % of the intake was excreted. The 64 % hydrolyzed in the intestine would represent the maximum phytate P poten- BREAD AND Ca RETENTION BY THE RAT 46 %, for the corrected estimate of 62 % and for the amount hydrolyzed in the intestine of 66%.
In this connexion it is of interest to point out that though the excess faecal P derived from bread 3 as. compared with bread 1, or from bread 6 as compared with bread 4, may well be phytate P, it cannot possibly be in the form of Ca phytate. Ca phytate contains almost equal weights of Ca and P (Krieger et al. 1940b ), yet the excess faecal P/100 g. bread was 59*9 mg. for bread 3 and 57-8 mg. for bread 6, while the excesses of Ca were only 3-5 and 4-1 mg. respectively. The similarity of the values obtained for Ca and P in the two independent experiments is noteworthy.
A clearer indication of the effects of wholemeal bread on the assimilation of Ca may be gained from a consideration of the faecal excretions. It will be seen that 90-100 mg. of Ca were lost in this way from the supplemented wholemeal breads, whereas only 34 mg. were correspondingly lost from the unsupplemented wholemeal bread in Exp. 1. Assuming that in both experiments the Ca of wholemeal bread was equally available, and making allowance for unavoidable faecal losses of Ca of 0-1 mg. daily (Henry & Kon, 1939a) , it can be calculated that with breads 6 and 7 there should be a faecal loss of 39 mg. of Ca originally present in wholemeal bread. Breads 6 and 7 supplied, however, in addition 155 and 151 mg. Ca respectively from Creta praeparata and bone meal. From the availability of Ca from these sources found in Exp. 3, their contribution to faecal Ca may be calculated as 11 and 18 mg. respectively. The total calculated amount of unavailable Ca derived from wholemeal bread and mineral addition amounts, therefore, to 50 mg. for bread 6 and 57 mg. for bread 7; allowing for unavoidable losses one arrives at over-all figures of 54 and 61 mg. respectively. However, the actual excretions were 90 and 100 mg. respectively and the difference represents the Ca of Creta praeparata or bone meal rendered unavailable by the wholemeal bread.
The superior growth of the animals receiving the wholemeal breads at both levels of Ca intake is of interest. In Exp. 1 the intake was very similar for breads 1, 2 and 3 and the calorie intake, calculated from data in the tables of McCance & Widdowson (1940) , was, if anything, lower from the wholemeal bread, yet all the animals receiving the wholemeal bread grew faster than their litter-mates on the white breads. In Exp. 2 the consumption of wholemeal bread was some 28 % higher and growth some 100% better than with white bread.
Extensive studies by Chick (1940 Chick ( , 1942 and Copping (1943) have shown the superior nutritive value, as measured on rats, of higher extraction flours. The present results may be taken to confirm and support their findings. It should be noted that in our experiments ample quantities of vitamin B1, riboflavin, and pantothenic acid were added to all breads. The superiority of the wholemeal bread which manifested itself under these circumstances was, therefore, probably due to differences in other factors. Henry & Kon, 1939a) , while children and adults utilize only some 20% (cf. Kon, 1943) . Apart from that, it seems possible that the possession of an intestinal phytase enables the rat to break down phytate P more efficiently than man. Though the destruction ofphytic acid in the human gut proceeds apparently to a marked extent (Rogozinski, 1910; McCance & Widdowson, 1935 , 1942a , a large part of it may take place at a level too low for absorption to occur. In the rat the enzymic breakdown higher up in the gut may well favour absorption. In (1942a) . There is ample evidence in the literature, already quoted on p. 117 of this paper, that phytate P is less well utilized by the rat than other forms of this element, and that in the presence of large quantities of phytic acid the metabolism of Ca and P as measured by the deposition of bone may be impaired through shortage of available P. The evidence, however, for any marked direct depressing effect of phytic acid on the utilization of Ca by the rat, as found by Harrison & Mellanby (1939) for the dog and by McCance & Widdowson (1942a, b) for man, is almost entirely lacking. In fact Krieger et al. (1940b) report that the Ca of Ca phytate is as available to the rat as that of CaCO3. We believe, however, that our observations prove that, in the rat, phytic acid exerts effects similar to those in man and the dog, though probably to a lesser degree.
The depressing effect of phytate P on the utilization of Ca by the rat has also very recently been reported by Marcy (1944) . He used diets containing 0-12-0-25 % P and with a Ca/P ratio of 2:1. It has been generally assumed that triglyceride is rapidly broken down by pancreatic lipase to fatty acid and glycerol. This is a necessary assumption if it is believed that triglyceride must be completely hydrolyzed to fatty acid and glycerol before it can be absorbed from the intestinial lumen (Verzar & McDougall, 1936; Bloor, 1943) . It can be shown, however, that triglyceride and fatty acid behave differently both during and after absorption. Triglyceride absorption is associated with globular dispersion of fat in the intestinal cell, with milkiness of the lacteals, with an increase of the particulate fat in the systemic blood and with subsequent deposition in the fat depots, whereas fatty acid absorption gives rise to a granular appearance in the intestinal cell, an increase of fatty material in the portal blood and deposition in the liver (Frazer, 1938 (Frazer, , 1943a . It is generally agreed that trigly-
